This study examined the prevalence of suboptimal health among Chinese adults based on a large-scale national survey and clarified the relationship between suboptimal health and lifestyle factors. We used multi-level generalized estimating equation models to examine the relationships between suboptimal health and lifestyle factors. Of the 48,978 respondents, 34,021 reported one or more suboptimal health symptoms, giving a suboptimal health status prevalence of 69.46%. After controlling for the cluster effect of living areas and confounding effect of demographic characteristics, factors associated with suboptimal health were: current smoking (odds ratio (OR) = 1.083, 95% confidence interval (CI): 1.055-1.111), drinking alcohol (OR = 1.075, 95% CI: 1.025-1.127), family history of disease (OR = 1.203, 95% CI: 1.055-1.111), sleeping <6 h per day (OR = 1.235, 95% CI: 1.152-1.256), poor sleep quality (OR = 1.594, 95% CI: 1.515-1.676), stress (OR = 1.588, 95% CI: 1.496-1.686), negative life events (OR = 1.114, 95% CI: 1.045-1.187), unhealthy diet choices (OR = 1.093, 95% CI: 1.033-1.156), and not regularly having meals at fixed hours (OR = 1.231, 95% CI: 1.105-1.372). Respondents who exercised regularly had lower odds of having suboptimal health status (OR = 0.913, 95% CI: 0.849-0.983). Suboptimal health has become a serious public health challenge in China. The health status of the population could be effectively improved by improving lifestyle behaviors.
Introduction
The World Health Organization defines health in its broader sense as a state of complete physical, mental, and social well-being, rather than merely as the absence of disease or infirmity [1] . With advancing understanding of health, this definition has expanded to consider suboptimal health status. Although there is currently no common definition for suboptimal health status, people usually consider suboptimal health as a borderline state between health and disease, characterized by declines in vitality, physiological function, and the capacity for adaptation, and including medically undiagnosed or functional somatic syndromes [2, 3] . In China, rapid economic development has meant that many people face pressures from their work and home lives that may develop into suboptimal health status. Globally, suboptimal health has attracted increasing attention from medical professionals as an important public health issue [4, 5] . It is important to properly assess suboptimal health and explore the factors associated with suboptimal health to prevent diseases and improve human health.
Previous epidemiological surveys showed that 55%-75% of China's population experienced suboptimal health [6] [7] [8] .
Lifestyle behaviors are important factors affecting diseases and health. Many lifestyle behaviors influence a person's ability to maintain their energy balance over the long term. For example, duration of sleep may influence energy consumption, energy expenditure, or both [9, 10] . Unhealthy lifestyles are also closely related to many chronic diseases [11] [12] [13] [14] . Chen reported that in the general population, major risk factors for suboptimal health status included poor stress management, poor self-actualization, lack of exercise, and poor interpersonal relationships [15] .
Despite the increasing availability of information on this topic, more evidence is needed regarding the prevalence of suboptimal health among representative Chinese populations that cover a broad age range and include different minorities and regions. To date, most estimates of suboptimal health status have been based on a single province or small sample size, and could not represent the general Chinese adult population [6] [7] [8] 16] . Little is known about the current prevalence of suboptimal health status in China based on large-scale representative national samples. Furthermore, people living in the same area may be likely to suffer from the effects of similar living circumstances, which may influence the accuracy and generalizability of data on the relationship between suboptimal health and lifestyle. However, current studies focused on suboptimal health have not considered and adjusted for the cluster effect of living area, which has a confusing influence on the results of studies investigating suboptimal health. Specifically, this study aimed to examine the prevalence of suboptimal health among Chinese adults. We covered a broad age range using data from a large-scale cross-sectional national survey, and clarified the relationships between suboptimal health status and lifestyle factors using multi-level generalized estimating equation (GEE) models controlled for the cluster effect of living area.
Material and Methods

Sample and Participants
This survey was conducted in six provinces or autonomous regions of China from 2007 to 2011: Heilongjiang province, Hunan province, Yunnan province, Inner Mongolia autonomous region, Sichuan province, and Ningxia Hui autonomous region. China is a vast multi-ethnic country with huge regional differences, populated by Han and 55 ethnic minorities. These six provinces or autonomous regions were selected using convenience sampling to cover a variety of municipal regions and include sufficient minority respondents. In each selected province or autonomous region, a two-stage cluster sampling method was used to recruit eligible respondents. Two or three cities were selected based on their population and economic conditions using a simple random sampling method. Next, dozens of communities were selected within each city using a cluster random sampling method based on population density. All residents of the selected communities were considered eligible for the survey if they were aged ≥18 years, were not suffering from serious chronic diseases, and had not run a high fever in the past 15 days. After signing informed consent forms, all respondents voluntarily attended temporary physical examination centers to take part in the survey. The survey was approved by the Review Board of the Institute of Basic Medical Sciences, Chinese Academy of Medical Sciences (No. 005-2008).
Suboptimal Health Assessment
The self-rating suboptimal health scale developed using a Delphi method by researchers from Medical College of Jinan University was used to assess the suboptimal health status of the community populations [17] . Previous reports showed that this scale had good reliability and repeatability [17] [18] [19] . The scale includes 18 symptom items grouped in six dimensions: physical symptoms, psychological symptoms, vigor, social adaptability, immunity, and going to hospital. The physical symptoms dimension contains five suboptimal health symptom items: fatigue, headache or dizziness, tinnitus, numbness or stiffness in the shoulders or legs, and a sense of pharyngeal foreign bodies. The psychological symptoms dimension contains six suboptimal health symptom items: upset, loneliness, inattention, anxiety, dreaminess, and forgetfulness. The vigor dimension contains three suboptimal health symptom items: decreased vitality, disinterest in surroundings and moodiness. The social adaptability dimension contains two suboptimal health symptom items: feeling tired at work and incompatibility with coworkers. The immunity dimension contains one suboptimal health symptom item: susceptibility to flu or other diseases. The going to hospital dimension contains one suboptimal health symptom item: the feeling of suffering from undiagnosed diseases. Respondents that had experienced one or more symptom item for more than one month in the past year were considered as having suboptimal health status.
Definition of Covariates
Covariates included demographic characteristics (e.g., age, gender, occupation, marital status, educational level) and lifestyle factors such as smoking, alcohol drinking, ethnicity, family history of cardiovascular or cerebrovascular diseases, body mass index (BMI), sleep duration, sleep quality, stress, life events, hypertension, exercise, diet choices, and meal times.
Respondents were categorized into three age groups: youth (18-34 years), middle aged (35-59 years), and older adults (≥60 years old). Occupation was classified as blue-collar worker and "white-collar worker" (e.g., teacher, doctor, other professionals, students, governmental and institute employees). Marital status was categorized as married, single, divorced, or widowed. Educational level was categorized into three groups: primary school, middle school, and college. Ethnicity included Han, Yi, Miao, Mongolia, Tibetan, Korean, Hui, Tujia, and others. BMI was defined as weight in kg divided by height in m 2 . Weight was measured to the nearest 0.1 kg and height was measured to the nearest 1 mm. According to Chinese guidelines for the prevention and control of adult overweight and obesity and the Working Group on Obesity in China criteria [20] , normal weight was defined as a BMI <24 kg/m 2 , overweight as a BMI of 24-27.9 kg/m 2 , and obesity as a BMI ≥28 kg/m 2 .
Sleep duration was dichotomized into >6 h of sleep and <6 h of sleep. Respondents were also asked to self-report whether they had good sleep quality. Stress was defined as self-perceived economic, life, or work stress. Life events were defined by whether the respondent had recently experienced negative or positive events. Negative events included loss of job, retirement, loss of crops/business failure, burglary, marital separation/divorce, other major intra-family conflict, major personal injury or illness, violence, death of a spouse, death/major illness of another close family member, and other major stressors. Positive events included events such as the wedding of a family member, new job, or a birth in the family. Diet choice was defined as whether the respondent had unhealthy diet choice preferences, such as food that was highly spicy, sweet, salty, or greasy. Meal time was used to indicate whether the respondent regularly had breakfast, lunch, and dinner at fixed times.
Blood pressure was measured in the morning after respondents had rested for 5 min in a seated position with their back supported, feet on the floor, and right arm supported with the cubit fossa at heart level. The appropriate cuff was chosen based on the respondent's arm circumference. OMRON HEM-7000 electronic sphygmomanometers (OMRON Health-Care, Kyoto, Japan) were used to measure blood pressure. Hypertension was defined as not being on antihypertensive medications and having systolic blood pressure of ≥140 mmHg or diastolic blood pressure of ≥90 mmHg [21, 22] .
Quality Control
This study adhered to strict quality control standards. All researchers were trained based on a training manual. A preliminary survey was conducted to confirm that the investigators were conducting the survey correctly. Trained medical professionals conducted the survey and respondent interviews. All case report forms were double-checked to guarantee the authenticity and accuracy of raw data. The survey database was constructed with EPI3.02 software (EpiData Association, Odense, Denmark), with data input checked twice by two data managers to guarantee the accuracy and integration of the data.
Statistical Analysis
Statistical analysis was performed with SAS9.4 software (SAS institute Inc., Cary, NC, USA). A two-tailed p-value < 0.05 was defined as statistically significant. Continuous data were described using mean and standard deviation when normally distributed, and median (lower quartile, upper quartile) when the distribution was skewed. Categorical data were described with number and percentage and compared using chi-square tests. Considering that respondents living in the same city were likely to suffer the effects of similar living circumstances, multi-level GEE models were used to examine the relationships between suboptimal health status and lifestyle factors to control for the cluster effect of living area and the confounding effect of demographic characteristics. Odds ratios and 95% confidence intervals were used to assess the strength of these relationships.
Results
In total, 52,265 respondents signed an informed consent form and were willing to participate in this survey. Of these, 48,978 respondents completed all survey scales, giving a completion rate of 93.7%.
The average age of all respondents was 44.3 ± 16.8 years, and 59.5% respondents were female. In total, 46.7% of respondents were white-collar workers, such as teachers, doctors, other professionals, students, and governmental and institute employees. Widowed or divorced respondents accounted for 5.45% of the sample. The majority of respondents (74.9%) were of Han nationality. The percentages of regular smokers and drinkers were 22.5% and 22.3%, respectively. The percentages of overweight and obese respondents were 31.2% and 12.0%, respectively. In addition, 782 respondents reported feeling high levels of work, home, or economic stress, and 2058 respondents had recently experienced positive or negative life events. Just under half (45.87%) of the respondents exercised regularly, 13.30% slept for <6 h per day, and only 28.33% reported good sleep quality. The majority of respondents (67.67%) had special dietary preferences and 9.84% did not regularly have meals at fixed hours.
Of the 48,978 respondents, 34,021 reported one or more suboptimal health symptoms, giving a suboptimal health status prevalence rate of 69.46%. The median number of suboptimal health symptoms was 2 (0, 5). The most common suboptimal health symptoms were forgetfulness (38.53%), dreaminess (30.89%), and headache or dizziness (30.10%). Table 1 shows the prevalence of each the 18 suboptimal health symptoms for the whole sample, and by sex and age groups.
The average age of respondents with a suboptimal health status was 45.0 ± 16.7 years and that of respondents without suboptimal health was 42.6 ± 17.0 years. The prevalence rate of suboptimal health status was 65.02% for youths, 71.08% for middle-aged adults, and 72.48% for older adults. The prevalence rate of suboptimal health status for males (67.74%) was lower than that for females (72.67%) (p < 0.0001). The prevalence rate of suboptimal health status was statistically significantly different among various ethnicities; respondents from Tujia had the lowest prevalence of suboptimal health status (60.21%) and those from Yi had the highest prevalence (87.15%). Blue-collar workers had a higher prevalence (73.71%) of suboptimal health status than their white-collar worker counterparts. The prevalence rate of suboptimal health status declined as educational level increased (p < 0.0001). The prevalence rate of suboptimal health status for widowed or divorced respondents (77.11%) was significantly higher than that among married or single respondents. Compared with respondents without a family history of cardiovascular or cerebrovascular diseases, respondents with a family history of disease had a higher prevalence rate of suboptimal health status (79.51% vs. 67.89%). Compared with respondents with normal blood pressure, hypertensive respondents had a higher prevalence rate of suboptimal health status (71.83% vs. 68.45%). We observed higher prevalence rates of suboptimal health status among respondents with short sleep duration (82.73% vs. 67.42%) and poor sleep quality (72.64% vs. 61.41%) compared with their counterparts. Respondents who reported experiencing stress had a higher prevalence rate of suboptimal health status than their counterparts without stress (86.96% vs. 69.18%), as did those who had experienced negative life events (79.71% vs. 69.09%) or positive life events (78.02% vs. 69.38%). Respondents who had unhealthy diet choices had a higher prevalence rate of suboptimal health status than their counterparts (70.73% vs. 66.80%). Respondents who exercised regularly had a lower prevalence rate of suboptimal health status than those who did not exercise regularly (65.14% vs. 73.13%), as did those who had regular meals at fixed hours (68.21% vs. 80.94%). There were no significant differences between different smoking conditions, drinking conditions, and BMI groups. The prevalence rates of suboptimal health status by different demographic characteristics and lifestyle factors are detailed in Table 2 . Table 3 presents the results of the bivariate and multivariate multi-level GEE models factors associated with suboptimal health status. After controlling for the cluster effect of living area, we found that gender, occupation, marital status, educational level, smoking, alcohol drinking, ethnicity, family history of cardiovascular or cerebrovascular diseases, sleep duration, sleep quality, stress, negative life events, exercise, diet choice, and meal times were associated with suboptimal health status. Tables 4  and 5 show the impact of independent variables on each dimension of suboptimal health separately based on multi-level GEE models. Independent associated factors were similar for six dimensions of suboptimal health, as shown in Tables 4 and 5. OR: odds ratio; CI: confidence interval; GEE: generalized estimating equation; Family history: family history of cardiovascular or cerebrovascular diseases. The social adaptability dimension contains two items: feeling tired at work and incompatibility with coworkers. The immunity dimension contains one item: susceptibility to flu or other diseases. The going to hospital dimension contains one item: the feeling of suffering from undiagnosed diseases.
Discussion
In multi-stage sampling, survey data have a hierarchical structure in which individuals are nested within higher level sampling units. Hierarchical social structures naturally generate multi-level data in which the lower level units are nested in the next higher level units. Individual suboptimal health status is determined by individual characteristics (e.g., age, ethnicity, education, and occupation at the micro level) as well as features of the social contexts or social environments in which individuals live (e.g., culture or subculture). Factors such as diet choice/preferences at the macro level can also produce measurable effects. People living in the same neighborhood may share similarities because they are influenced by the same neighborhood socioeconomic characteristics. In statistical terms, there is within-group homogeneity and between-group heterogeneity in hierarchically structured data [23] . Traditional analytical methods such as logistic regression assume that observations are independently but identically distributed. Violation of this assumption results in incorrect inferences in statistical analyses. Multi-level GEE models provide an appropriate analytical framework to deal with observation dependence in multi-level data. More importantly, multi-level models permit exploration of the nature and extent of relationships at both micro and macro levels, as well as across levels [23] . We considered that individuals living in the same area were likely to suffer from the effects of similar living circumstances, which would have an inevitable confusing influence on the accuracy and generalization of the study results concerning suboptimal health status. This was the first study to explore the prevalence of suboptimal health status and the relationships of suboptimal health status and lifestyle factors using multi-level GEE models controlled for the cluster effect of the same living area and similar living circumstances to guarantee the accuracy and generalizability of the study results.
We found that more than two-thirds of Chinese adults had suboptimal health status. The prevalence of suboptimal health status in this study was similar to that in several previous reports [6, 7, 24] , but significantly higher than that in a report by Wang et al. [25, 26] . Wang et al. reported that the prevalence of suboptimal health status was 9.0%, based on the Suboptimal Health Status Questionnaire-25 (SHSQ-25) administered in a cross-sectional survey with 4313 participants [25] . The low prevalence reported by Wang et al. was mainly attributable to different participant selection criteria and a higher threshold for scores. Suboptimal health is often assessed with an assessment scale, such as the Delphi suboptimal health scale used in our study and the SHSQ-25 [25, 26] . The SHSQ-25 contains 25 items under five domains (fatigue, the cardiovascular system, the digestive tract, the immune system, and mental status). Participants are asked to rate specific statements on a five-point scale, with raw scores of 1-5 recorded as 0-4. Total scores are calculated for each participant by summing the ratings for the 25 items. The 25 SHSQ-25 items are similar as to the 18 symptoms covered in Delphi scale, although the SHSQ-25 items are more delicate. With the SHSQ-25, a high score (≥35) represents poor health, and is regarded as suboptimal health status [25, 26] . In other words, having more than one-third of the total possible score (100) in the SHSQ-25 was considered to reflect suboptimal health status. In our study, respondents were considered as having suboptimal health status if they suffered from more than one-third of the 18 symptoms (≥7 symptoms); the prevalence of suboptimal health status was 19.24%. In addition, Wang et al. [25] included 4313 participants aged 18-65 years, whereas participants currently suffering from diabetes, hypertension, hyperlipidemia, cardiovascular or cerebrovascular conditions, any type of cancer, and gout were excluded. In our study, 13.07% of respondents were aged over 65 years and we only excluded those who suffered from serious chronic diseases and had run a high fever in the past 15 days. Older participants and those with mild chronic diseases were also more likely to be classified as having suboptimal health status than other participants, which may explain the higher prevalence found in our study. If those who were aged over 65 years or currently suffering from mild chronic diseases were excluded, the prevalence of suboptimal health status might be similar to that in the previous report.
Unhealthy lifestyles were closely related to both chronic diseases and suboptimal health status. In a recent report, Ma et al. noted that good sleep quality, abundant physical exercise, and adequate nutrition intake were negatively associated with suboptimal health status, whereas overuse of electronic devices and weight loss were positively associated with suboptimal health status [24] . Chen et al. reported that poor stress management, poor self-actualization, lack of exercise, and poor interpersonal relationships were positively associated with suboptimal health status [15] . Suboptimal health has been observed to be related to low levels of physical activity and exercise, which are known risk factors for cardiovascular and cerebrovascular diseases [27] . Smoking and drinking alcohol have been confirmed as associated with many chronic diseases [28] [29] [30] [31] and were also associated with suboptimal health status in our study. Sleep was defined as a natural and reversible state of reduced responsiveness to external stimuli and relative inactivity, accompanied by a loss of consciousness. Sleep problems and sleep continuity were significant predictors of relapse. Sleep deprivation and sleep disruptions may cause severe cognitive and emotional problems [32, 33] . Previous studies reported that inadequate sleep duration caused heightened cardiovascular risk, cerebrovascular disease, psychiatric disorders, and obesity [34] [35] [36] [37] .
In addition to common unhealthy lifestyle factors, such as lack of exercise, smoking, drinking alcohol, short sleep duration, and poor sleep quality, we found that stress, negative life events, family history of cardiovascular or cerebrovascular diseases, unhealthy diet choices, and irregular meal times were associated with a higher prevalence risk of suboptimal health.
Wu et al. reported that poor work-recreation balance was associated with increased risk for suboptimal health status [38] . Chang et al. found that suboptimal health status among middle school teachers was closely related to occupational stress [39] . Negative life events and work, home, or economic stress were important factors for depression and anxiety, and may further lead to suboptimal health status. Respondents with parents that suffered from cardiovascular or cerebrovascular diseases may experience anxiety about suffering these diseases themselves, which may in turn make them more susceptible to suboptimal health status.
We found that both unhealthy diet choices and irregular meal times were closely related to a higher prevalence of suboptimal health. Owen et al. confirmed the role of diet and nutrition in mental health and wellbeing [40] . In addition, a high-salt diet was reported to be closely associated with hypertension [41] . Cordner et al. reported that the associations between consumption of a high-fat or a "Western" diet and metabolic disorders (e.g., obesity, diabetes, and cardiovascular disease) have long been recognized, and a large body of evidence suggests that diets high in fat could also have a profound impact on the brain, behavior, and cognition [42] . A large prospective study found the habitual consumption of spicy foods was inversely associated with total and certain cause specific mortality, independent of other risk factors for death [43] . Regularly having breakfast, lunch, and dinner at fixed times may induce individuals to work and live within a routine, which may help them to maintain healthy living habits and timetables, which could benefit their physical and psychological health and in turn help to prevent anxiety and suboptimal health status.
This study had several limitations that should be mentioned. First, because of the cross-sectional design, it was not possible to confirm causal relationships between suboptimal health and lifestyle factors. Second, suboptimal health has several different definitions, which limited the comparison of our study results with other reports on the prevalence of suboptimal health. Third, lifestyle factors were self-reported in this study, which reduced the precision of measurement of these factors, such as smoking, alcohol drinking, sleep habits, diet choices, and meal times. Finally, since the survey data referred to years 2007-2011 and the study findings reflected the situation in 2007-2011, they may not reflect the current situation.
Conclusions
Despite these limitations, our findings showed that suboptimal health has become a serious public health challenge in China. Unhealthy lifestyles were closely associated with suboptimal health, with key factors being smoking, drinking alcohol, short sleep duration, poor sleep quality, lack of regular exercise, stress, negative life events, family history of cardiovascular and cerebrovascular diseases, unhealthy diet choices, and irregular meal times. The health status of the population could be effectively improved by improving lifestyle behaviors.
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